The in vivo growth and development of micropropagated Elatior begonias (Begonia x hiemalis). I. Study on the effect of lighting and substrate. PÄIVI 
Introduction
Elatior begonia has become one of the most popular flowering pot plants in Finland. In 1986 almost 1,700,000Elatior begonias were 3 produced by 462 horticultural firms (Anon. 1987) . Elatior begonias are traditionally propagated by stem or leaf cuttings, a method which, unfortunately, enables pathogens to be transferred from one generation of plants to another. One of the most serious diseases of Elatior begonia is bacterial leaf spot and blight caused by Xanthomonas begoniae. As no efficient chemical control of this disease is available at present, the only practical means of control is to prevent the spread of the disease. Micropropagation offers an efficient way to obtain healthy begonias at a high propagation rate.
The commercial growers have not, however, been completely satisfied with the quality of micropropagated Elatior begonias. According to them, the micropropagated plants grow too luxuriantly, the root collars remain thin and flowering is delayed compared with that of traditionally propagated plants. Due to the newness of this research field, very little information is available about the growth behaviour of micropropagated Elatior begonias. The flowering of these begonias has been studied by Hildino and Welander (1976) and Bigot (1981) . They report that no significant variation was evident in flower shape, size or colour in micropropagated plants, compared with those propagated traditionally. Welander (1978 Welander ( , 1987 investigated the growth of clones from different micropropagated Elatior begonia cultivars and the impact of the season on the development of micropropagated Elatior begonias, but he does not mention having noticed unwanted growth habits.
The aim of this study was to investigate the growth and development of micropropagated Elatior begonias in supplementary lighting given by lamps with different spectral energy distributions and on substrate mixtures of different nutrient content and nutrient-holding capacity. Studies on supplementary lighting of traditionally propagated Elatior begonias have been published by Hagen (1978) and Moe (1985) .
Materials and methods
Eight cultivars of Elatior begonia were used in this experiment: 'Afrodite', 'Afrodite Special', 'Afrodite Rosa', 'Mandela', 'Barbara', 'Connie', 'Marja' and 'Sirene'. According to Hilding (1982) , cultivars belonging to the 'Afrodite' group and 'Mandela' ('Ballerina' group) have vigorous growth, 'Barbara' and 'Connie' (»Daehnfeldt» group) grow moderately, and 'Sirene', belonging to the 'Nixe' group, shows restrained growth. No information was found in the literature about the growth vigour of 'Marja', but according to A. Pajunen (oral communication 24. 6. 1987) The sale stage was determined as the date when 7 flowers ('Afrodite' group and 'Mandela'), 6 flowers ('Barbara', 'Connie' and 'Marja') or 5 flowers ('Sirene') were open. The diameter of the root collar was measured on the top of the substrate from the firstflowering branch.
The height and the width of the individual plants were recorded immediately after potting and at the end of lighting. When a plant had reached the sale stage, the experiment was terminated for its part and the heigth, width, diameter of the root collar and saleability were observed. As there are no official requirements concerning the saleability of Elatior begonias, a subjective judgement was made and thus the results in Table 10 are merely indicative. The whole experiment was terminated on 29. 5. 1987, i.e. 19 weeks after potting and 15 weeks after the beginning of the short-day treatment. An analysis of variance was made and the means were separated by the use of an MSD, 5 % level.
Results

After lighting
The results obtained after lighting are presented in Tables 1 and 2 . In most cultivars, plants lighted with SNaKd lamps and plants potted in peat showed the greatest increase in height and width. HgLX lamps generally induced more growth than HPI/T lamps, but the differences were not significant, except in the increase of width of the cultivar 'Afrodite'. In most cases, plants grown under incandescent lamps and plants potted in peatperlite 2 + 2 had the poorest growth, though the plants under incandescent lamps were not the lowest.
At the sale stage
Plants grown under SNaKd or HgLX lamps, depending on the cultivar, were the first to reach anthesis and the sale stage (Tables 3 and 4 ). The longest time till anthesis and the sale stage was observed under incandescent lamps. The differences between the lighting groups in reaching anthesis were 3-lo days and in reaching the sale stage 6-ll days, depending on the cultivar. Peat- The number of flowers and flower buds (Table 5) was not clearly dependent on the different treatments.
The measurements made at the sale stage (Table 9 ). The effect of a treatment on the proportion of saleable plants depended closely on the cultivar and showed great variation (Table 10 ). 
Discussion
The results obtained at the end of lighting show that plants lighted with SNaKd lamps were generally higher and broader than those in the other lighting groups. Light from SNaKd lamps contains a greater proportion of red wavelengths than light from HPI/T or HgLX, which is reported to cause elongation growth (Anon. 1973 , Sandahl 1979 ). Hagen (1978) observed elongation in response to Philips SON/T, which is also a high-pressure sodium lamp. Moe (1985) , however, obtained different results when growing Elatior begonias in a growth chamber. He reports that HPI/T caused more elongation than SON/T.
The elongation and poor increase of width in plants grown under incandescent lamps were natural consequences of the low light intensities. Means marked with the same letter in one column do not differ at the 5 % rate of error. Means marked with the same letter in one column do not differ at the 5 % rate of error. When observed 4 weeks after potting, plants potted in peat or peat-perlite 3 + 1 had generally grown better than plants potted in peat-perlite 2 + 2. This was to be expected, because the more perlite there was in the substrate mixture, the lower was the amount of available nutrients.
The earliest flowering and arrival at the sale stage were obtained with SNaKd and HgLX lamps. Hagen (1978) also reports that highpressure sodium lamps (SON/T) accelerate flowering, but Moe (1985) did not discover any notable differences between SON/T and HPI/T in this respect. The effect of the substrate on anthesis and arrival at the sale stage was most pronounced in the cultivar 'Afrodite Special': anthesis began 2 weeks later in peat-perlite 2 + 2 than in other substrates. In most cultivars, however, the differences were not significant. At the sale stage, the highest and the broadest plants were in most cases those grown under SNaKd lamps, which coincides with the results at the end of lighting. Surprisingly, the differences between the substrate groups did not increase, rather the opposite. It seems that regular fertilization, begun 3 weeks after potting, evened out the differences. The diameter of the root collar was not greatly affected by the different lighting or substrates.
In plants of the vigorously growing cultivars, i.e. the 'Afrodite' group and 'Mandela', the root collars tended to be too thin to support the heavy crown and as a rule they needed support. The thinness of the root collar is a special problem in micropropagated Elatior begonias and a cause of dissatisfaction among the commercial growers.
The proportion of saleable plants varied greatly with the treatment and the cultivar. Hagen (1978) reports that different lamp types do not cause significant differences in the final appearance or quality of Elatior begonias. From the standpoint of commercial production, the total proportion of saleable plants in this experiment was rather low. The main factors reducing the saleability were long internodes, and leaf and flower stalks ('Afrodite'), strong vegetative growth and weak flowering ('Afrodite Special', 'Afrodite Rosa' and 'Mandela'), an oblique growth habit, which means that the plants bend to one side and form a front and a back ('Barbara', 'Connie' and 'Marja'), and short flower stalks ('Sirene'). The long internodes, and leaf and flower stalks of the cultivar 'Afrodite' could probably be overcome by using an appropriate growth regulator and lower temperatures. The short flower stalks of 'Sirene' could be overcome by using higher temperatures. The choice of temperature can be a problem if cultivars of different growth vigour are grown in the same space.
The abundant vegetative growth and the oblique growth represent more difficult problems. Strong vegetative growth and branching caused a bushlike appearance and were connected with weak, delayed flowering. This was observed especially in the cultivar 'Afrodite Special'; 15 % of these plants failed to reach the sale stage before the experiment was terminated. It was often noticed that flowers and flower buds were formed only on the oldest branch and that the new, vigorous branches were completely vegetative. Oblique growth was not restricted to the vigorously growing cultivars with a heavy crown, in which it could be overcome by supporting the crown with a couple of sticks, but was also a problem in the cultivars 'Connie' and 'Marja', the plants of which were otherwise quite sturdy with thicker root collars. Oblique growth was not observed to be caused by the direction of the incoming daylight and the reason for this growth habit is not clear.
Vigorous growth and delayed flowering are often reported to be the result of abundant fertilization. It is possible that, due to their healthiness, micropropagated Elatior begonias do not require as much fertilizer as the traditionally propagated plants. There are also differences between cultivars in this respect.
Another possible cause of strong vegetative growth could be the after-effect of hormones or other substances used in the tissue culture media. Very little research has been devoted to the after-effects of tissue culture media, possibly because micropropagation is a relatively new method. Further studies are needed to elucidate the reasons for the unwanted growth habits of certain micropropagated Elatior begonia cultivars. kasvaneet taimet kukkivat 2 viikkoa myöhemmin muilla alustoilla kasvatettuihin taimiin verrattuna. Taimien korkeuteen ja leveyteen eri kasvualustaseoksilla ei ollut kovinkaan suurta vaikutusta. Mikään lampputyypeistä tai kasvualustaseoksista ei muihin verrattunalisännyt selvästi kukkien ja nuppujen lukumäärää tai juurenniskan läpi-mittaa. Myyntikelpoisten kasvien osuus vaihteli suuresti lajikkeesta, valotuksesta ja kasvualustasta riippuen. Useimmilla lajikkeilla myyntikelpoisia kasveja oli alle puolet kokonaismäärästä. Myyntikelpoisuutta vähensivät ennenkaikkea liiallinen rehevyys, heikko kukinta ja vino kasvutapa.
